Community participation is vital to children's development and provides opportunities to practice social communication skills. Although previous studies suggest that young children with autism spectrum disorders (ASD) experience decreased community participation, there is little empirical evidence on the precise patterns of participation that may influence social communication opportunities. Therefore, this pilot study investigated the communication among families of children with ASD (n = 5) versus typical development (TD; n = 5) across various community locations. We used automated, objective measures: the Language ENvironmental Analysis (LENA) system™ to measure the amount of communication and integrated this with a Global Positioning System (GPS; that is, Qstarz™) to measure community location. Results showed that families of children with ASD and TD spent a similar amount of time in community locations; however, there were differences in the amount of adult talk directed toward children with ASD versus TD across community locations. Findings suggest that automated measures may be successfully integrated to quantify social communication during community participation.
Participation in daily activities provides children with rich learning opportunities. When children have opportunities to engage in various occupations that occur across contexts, they practice skills that contribute to overall development (Dunst et al., 2001; Humphry & Wakeford, 2008) . Community participation is important for children and families; when children visit various community locations, they can experience the rich language environments that are central to social communication development. Best practice occupational therapy interventions for young children outline the importance of natural contexts and routines of the family (e.g., Division for Early Childhood, 2014; Tomchek & Koenig, 2016) . Extensive research shows that children with autism spectrum disorder (ASD) experience participation challenges (e.g., LaVesser & Berg, 2011; Orsmond, Krauss, & Seltzer, 2004) . However, we have little empirical evidence about how community participation, specifically the number of places visited and time within location, may positively influence children's social communication skills. This lack of empirical evidence is partially due to the difficulties in obtaining objective data about the number of places in which families visit and the amount of time in which families spend in such places. Therefore, the purpose of this study was to use automated tools to investigate how families of children with ASD as compared to those with typical development (TD) are visiting various community locations and how parents are talking with children across such locations. We used the Language ENvironmental Analysis (LENA™) system to measure the amount of communication and integrated this with a Global Positioning System (GPS) device (i.e., Qstarz™) to measure the community locations that families visited. Given the increase in widely available wearable technology, such as the LENA and Qstarz, occupational therapists now have the opportunity to begin measuring elements of participation (i.e., places visited, communication in each location) using precise and objective measures. The integration of such measures allows for a better understanding of the community locations that families of children with and without developmental conditions visit as well as the amount of talk that caregiver direct to their children across community locations.
Children with developmental conditions, including ASD, experience decreased community participation as compared to children with TD. For example, preschool-aged children with ASD participate less frequently in vigorous leisure, community mobility, and education as compared to children with TD (LaVesser & Berg, 2011) . Research also shows that young children with ASD attend special event activities at a lower rate than those with TD (Rodger & Umaibalan, 2011; Schaaf, Toth-Cohen, Johnson, Outten, & Benevides, 2011) . When children have fewer opportunities to engage in community-based activities, they are likely missing opportunities to practice essential skills such as social communication. Although social communication difficulties are a hallmark of the ASD diagnosis (American Psychiatric Association, 2013), research to date has not yet linked the decreased community participation to underdeveloped social communication skills in children with ASD.
Extensive research has focused on the language environments that children experience (e.g., for a review, see Greenwood, Schnitz, Irvin, Tsai, & Carta, 2018) ; that is, studies have linked children's developmental outcomes with the amount of and quality of adult talk, which they experience in the natural environment. Specifically, adult language influences children's social communication (Yoder & Warren, 2004) , social competence (Phillips, Scarr, & McCartney, 1987) , language ability (Girolametto, Hoaken, Weitzman, & van Lieshout, 2000) , and cognition (Hart & Risley, 1992) . Until recently, capturing talk in natural settings was a formidable challenge; however, the development of the LENA has allowed researchers overcome this difficultly. The LENA is a speech recognition tool that is worn by a child and counts the adult words, child vocalizations, and adult-child turns in the child's everyday settings. The use of this tool has continued to rise in recent years; 53 studies from 2009 to 2017 relied on the device to capture the talk of children at risk of and with disabilities and the adults who care for them (e.g., teachers, parents) in various settings (e.g., classroom, home; Greenwood et al., 2018) . These studies have allowed for a better understanding of the home language environment (e.g., Greenwood, Thiemann-Bourque, Walker, Buzhardt, & Gilkerson, 2011) as well as those in school (e.g., Dykstra et al., 2013; Irvin, Hume, Boyd, McBee, & Odom, 2013) .
Ample evidence suggests that interventions for families of young children with ASD are most effective when embedded into the natural environment and routines of a family (Bernheimer & Weisner, 2007; Zwaigenbaum et al., 2015) . Although evidence suggests that community participation and adult-child communication is important (e.g., Anaby et al., 2013; Anaby et al., 2014) , we do not yet have empirical evidence on how social communication opportunities differ across various community locations for young children with and without ASD. Although the LENA is useful for measuring talk in naturalistic settings, the device is not designed to provide information on the context as to where the language takes place. To identify the locations that families frequent, traditional measures such as parent time dairies are typically relied on (Kuo, Orsmond, Cohn, & Coster, 2013; Mazurek & Wenstrup, 2013) , or in case of the Soderstrom and Wittebolle (2013) , audio coders were used to identify locations based on the talk within them. Both these approaches, however, are limited with regard to supporting occupational therapists working with families with young children with ASD to increase community participation. As occupational therapists, the opportunity to understand how a specific community location promotes or inhibits social communication between child and caregiver could be incredibly beneficial for intervention planning. For example, if we are able to "see" that a caregiver is talking extensively to their child at the park, we could offer positive feedback and encourage the parent to continue to do so. Conversely, if we are able to "see" that the parent is not talking to the child at the grocery store, we could make suggestions about ways to communicate with the child about the experience based on the community location.
Previous studies have shown that the LENA device is highly acceptable and feasible for families of children with ASD (Greenwood et al., 2018) . Our previous work showed that the LENA could be successfully paired with an outdoor GPS tracking device (Qstarz) (Irvin, Bard, Wallisch, & Little, 2018) . The current pilot study extends this previous work by using these two devices to give us a better understanding of how caregivers talk with children with ASD versus TD in various community locations. Specifically, the first aim of this pilot study was to investigate the acceptability of study procedures for 2 days among families of children with ASD and TD, which demanded that parents had children wear the LENA device™ as well as take a GPS to community locations. The second aim of this study was to assess language environments in community locations among families of children with ASD (n = 5) and TD (n = 5) ages 3 to 8 years using objective measures: the LENA system™ and a GPS (i.e., Qstarz™). By combining the LENA and GPS, we aimed to measure differences between families with ASD and TD in the community locations visited, the time in each location, and the amount of communication that occurred between parents and children in such locations.
Method

Participants
Participants for the current study were recruited from university and community programs for children with ASD and TD. Children with ASD (n = 5; M age = 73.6 months; SD = 20.01 months) and those with TD (n = 5; M age = 63.0 months; SD = 26.25 months) participated in the study. Children in the ASD group had a parent-reported diagnosis that was validated by the Social Responsiveness Scale-Second Edition (SRS-2; Constantino & Gruber, 2012) . Families included in the TD group did not have a sibling with a developmental condition; did not have a history of a speech, language, or developmental delay; and did not meet the criteria for ASD per parent report or as determined by the SRS-2. All families reported that English was their first language and all children spoke in full sentences. In the ASD group, the mean SRS score was 80.80 (SD = 7.95; range = 70-90). With regard to race/ethnicity, nine of the 10 families were White/ non-Hispanic and one identified as Asian/non-Hispanic. Family annual income was reported as follows: <20k = 20%, 20k-39k = 10%, 40k-59k = 10%, 60k-79k = 20%, 80k+ = 30%, and prefer to not respond = 10%.
Procedures
To collect language and location data on children, we provided the LENA and Qstarz to families on two consecutive nonwork days (e.g., weekend). As described in a previous study that validated our data collection procedures (MASKED FOR BLIND REVIEW), we instructed families to record their activities as they naturally occurred. The primary caregiver was instructed on how to turn on/off the devices as well as where to place the devices on the child's clothing. The primary caregiver was also given the phone numbers and email addresses of two research team members in case they experienced difficulty with operating the devices over the weekend. The LENA was placed in a specially designed t-shirt sold by the LENA Foundation and the Qstarz was attached to a belt loop on the child's right side.
Measures
LENA system consists of a digital language processor and speech recognition software. The device records up to 16 hr of a natural audio environment. The accompanying software then processes the recording to provide adult word counts, child vocalizations (e.g., words, babbles, and prespeech communication), and adult-child turns (i.e., back-n-forth exchanges between the child wearing the LENA and adults; see . The system differentiates between meaningful and distant speech as well as other types of sound (e.g., TV; Yoshinaga-Itano & . Silence, noise (e.g., overlapping speech, crying), and other audio environmental sounds (e.g., television) are categorized as nonmeaningful data. Considerable testing has been conducted to determine the reliability of LENA (see Warren et al., 2010; Xu et al., 2008) . The use of the device to capture child and/or adult talk in natural settings appears to be increasingly common, and the device has extensively been used with children at risk of and with disabilities in various contexts (Greenwood et al., 2018) .
Qstarz BT-Q1000XT is a GPS data logger that uses mapping technologies to provide real-time location estimates every 1 s. The tool has ample evidence of concurrent validity in use with young children in community locations (i.e., parents' report of locations visited shows 91.9% to 99.9% agreement with kappa statistics, ranging from 0. 49-0.99; O'Connor et al., 2013) .
Parent reports (demographic form & time diary) were completed by the primary caregiver. The demographic form was completed at the onset of participation and included questions related to family and child demographic variables, such as gender, family income, race/ethnicity, and child diagnostic and medical status. In the time diary, parents indicated the entry/exit time and the locations visited as well as note any difficulties with the devices.
Data Analysis
To understand the acceptability of study procedures (Aim 1), parents were instructed to call our research team with any difficulties using the devices and report such difficulties to research assistants upon pick up of study devices. To test Aim 2, hierarchical linear modeling (HLM) was relied on to determine the extent to which adult talk, child talk, and adult-child conversational turns differed between locations among diagnostic groups.
Each child's language and location data generated between 60,000 and 90,000 data points. Using MATlab (The MathWorks, Inc, 2012), our team developed a program to place the LENA speech estimates on a 1-s word/vocalization rate that is then linked with the GPS estimates from Qstarz. We were then able to tie actual locations (e.g., park, grocery store) via Quantum Geographic Information System (QGIS), a free and open source desktop geographic information software. When recording, the Qstarz generates a new data point with associated latitude, longitude, speed, time, and date every 1 s. Data generated from this GPS device for this study were downloaded from the device into Qstarz software to produce a comma-separated values (CSV) file. The Qstarz CSV file was brought into QGIS. Each data point was then plotted using the latitude and longitude coordinates and validated in QGIS by comparing plotted data points with county GIS zoning data and satellite imagery. Data points in roadways were assigned to a travel group and further verified by confirming speed of travel of those data points. Using a QGIS vector analysis tool (i.e., Points in Polygon), we then associated the location data points with the adult and child talk estimates that were processed via our MATlab program (for full description, see Irvin et al., 2018) .
The variables that result from the data transformation process included (a) location, (b) number of minutes in location, (c) mean adult words per minute, (d) mean child vocalizations per minute, and (e) mean adult-child conversational turns per minute. As the data were nonnormally distributed, we log transformed all mean outcome variables for further analysis. We then used SAS 9.2 (SAS Institute, 2015) HLM, also referred to as mixed-model regression (Littell, Milliken, Stroup, Wolfinger, & Schabenberger, 2007) , to test three models with the following as dependent variables: (a) mean 
Results
With regard to acceptability, families did not report any difficulties using the devices and our team did not receive any phone calls or emails over the weekends of data collection or negative feedback via the parent diaries. When our team retrieved the devices after the weekend recordings, we did not receive any negative feedback regarding the usability of the devices. In addition, data from each device showed that parents simply turned the devices on in the morning and then off in the evening (i.e., parents did not have to turn on/ off the devices multiple times, which would imply difficulty with operation). Descriptive findings showed that families visited 46 unique locations. Two authors reviewed the specific locations and then worked together to create overarching categories of locations. The two authors then independently categorized each location, reaching interrater reliability of 100% accuracy in identifying which place fell within each category. Locations were ultimately labeled as (a) religious activities, (b) restaurants, (c) shopping trips (e.g., grocery store, big box store), and (d) outdoor activities (e.g., park, soccer field). In the analysis, we nested language within the four locations (church, restaurants, shopping, outdoor activities). Time in locations ranged from 4.81 to 146.55 min (M = 52.12 min; SD = 43.38 min). There was no difference in number of minutes recorded between groups (p = .44); that is, children with ASD versus TD did not record significantly different amount of time during community participation. In addition, we did not find an effect of season on the frequency of community locations visited between groups.
In three separate mixed models, we tested the impact of location, diagnostic group, and the interaction between location and diagnostic group on child talk, adult-child conversational turns, and adult talk. As for child talk, there was no significant effect for diagnosis, location, or the interaction, which suggests that children with ASD and TD were vocalizing at similar rates. In addition, there were no significant effects for adult-child turns, which suggests that the conversational turns between parents of children with ASD and TD did not significantly differ in amount or by location. See Table 1 for results; the only significant effect was found for adult talk. Type 3 tests of fixed effects showed no main effect was found for diagnosis on adult talk (p = .93). There was a significant effect of location on adult talk (p < .05), which suggests that location has a significant impact on the amount of adult talk regardless of the child's diagnosis. Specifically, all children were receiving more adult talk during religious versus shopping activities (p < .05).
There was a significant interaction between diagnosis and location (p < .01), which suggests that parents of children with ASD versus TD are talking different amounts to their children based on location. As it showed that the religious activities were driving the amount of talk across locations, we examined follow-up comparisons between diagnostic groups using the Dunnett's method. Due to our small sample size, we did not have the power to test all comparisons; therefore, the Dunnett's method allowed us to use the church/ religious activities category as the sole comparison group. Significant comparisons are shown in Table 2 .
Discussion
In this study, we used precise, objective measures to understand how children's communication opportunities occurred across differing community locations. Although we had a small sample, the repeated measures within family provided rich information about the places in which families visit, the time that they spend in locations, and the ways in which they differently communicate across community locations. Our findings showed that, over a weekend of recording, the amount of time recorded in various community locations did not differ between parents of children with ASD and TD. In addition, using automated measures, findings suggest that children with ASD experience decreased adult language than those with TD across various community settings, although the amount adult talk that children received was dependent on location. Given the small sample size of the current study, findings must be interpreted cautiously. Previous research suggests that parents of children with ASD plan community outings very carefully and make appropriate adaptations to community participation to ensure that children are successful (Bagby, Dickie, & Baranek, 2012; Boyd, McCarty, & Sethi, 2014) . It may be that the families of children with ASD included in this study were able to choose and navigate community locations based on how acceptable such places were to their children. Although automated measures of time in community locations is helpful to quantify participation, such technology does not allow us to understand the quality of the child's participation (e.g., child's enjoyment) and the extent to which parents are implementing accommodations in community outings. Future studies should combine such a qualitative examination with automated measures to gain a better understanding of what each method contributes to our understanding of participation.
While previous studies have shown that children with ASD experience less adult talk than TD peers (Warren et al., 2010) , our findings show the specific places in which social communication unfolds. Previous studies have shown that children with ASD vocalize at a lower rate, which is believed to perpetuate decreased adult talk. However, in this study, the number of child vocalizations was not significantly different across groups or locations. This finding suggests that even when children are vocalizing at similar rates, caregivers of children with ASD may be engaging children in fewer social communication opportunities. It may also be that the child vocalizations between groups differ in the content or reciprocity; for example, children with ASD may be "scripting" or talking about a restricted interest. Parents of children with ASD may be encouraging their children to use more extensive language; research is needed on the content of the child language that is quantified by the LENA.
We found a lack of a direct effect of diagnosis on the amount of adult talk but a significant interaction between diagnosis and location on adult talk. This finding shows that participation in community settings is particularly important for the social communication development of young children with ASD, and community location has an impact on the amount that caregivers are talking to their children. Specifically, children with TD appear to be receiving increased adult talk during religious activities, although the participation in religious activities was decreased for children with ASD. Religious activities can be structured and adult-led, which points to why these children might have been exposed to increased adult talk in this setting. Alternatively, these children could be in children's church being cared for by congregation members-a setting where adult talk maybe more common. In a previous study, Little, Sideris, Ausderau, and Baranek (2014) found that children with ASD experienced fewer faith-based activities if they were younger and had increased autism severity. Given the preschool-aged children in this study, it may be that the behaviors of these young children with ASD interfere with families' participation in religious or faith-based activities, and therefore, the children are not experiencing the language environments of such places. Other research has shown that children with ASD engage in fewer structured activities, such as boy/girl scouts, religious activities, and after-school clubs across development (Lee, Harrington, Louie, & Newschaffer, 2008; Orsmond et al., 2004; Solish, Perry, & Minnes, 2010) . Therefore, we may work with families to design and implement strategies to encourage children's engagement in more structured activities to facilitate social communication development. Another strategy may be to work with families on increasing social communication during slightly less structured activities, such as shopping or dining at restaurants.
Limitations and Future Directions
Our study was limited in sample size and the LENA system does not measure quality or meaning of social communication. Therefore, future studies may investigate new algorithms being developed to parse out the meaning and/or quality of adult talk directed at children, which will help us understand the differences in talk across locations. Another limitation of this work is the possibility of the Hawthorne effect; that is, parents may be talking more to children because they know that they are participating in the study. Other studies using the LENA have discussed and subsequently minimized the possibility of the Hawthorne effect (e.g., Dykstra et al., 2013) . However, we need to further investigate the ways in which wearing the devices may impact how families participate across locations. In addition, future work must use a standardized measure of acceptability for caregivers to understand the extent to which the devices were usable for families, as our acceptability findings were based solely on unstructured parent report. While we did not find seasonal effects on the participation patterns among families in the current study, future work must account for the potential impact of such effects (e.g., season, weather).
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